The Adept Medical STARSystem is a complete, clinically engineered solution for radical access procedures. The STARBoard provides fully articulated support for the patient's arm, with a wrist hyperextension mechanism to provide optimal radial artery access. The wrist can then be placed in a relaxed position at the patient's side for the remainder of the procedure. A relaxed patient can help reduce the risk of spasm which will complicate a procedure, particularly if the patient is stressed. Adjustments can be made at any point during the procedure beneath the sterile drapes. The STARTable not only provides operators with an adjustable work surface for catheters, wires and other equipment, the vertical shield reduces X-Ray scatter for the operator. The STARSupport facilitates left arm access by supporting the arm over the patient's torso allowing the operator to work comfortably from the right side. 
The ideal system for arm immobilisation, protecting the sterile field, with the added benefit of reducing scatter radiation. Particularly useful in the increasing number of procedures performed under conscious sedation where patient restlessness can be an issue. The ArmSure gently secures both arms of a supine patient in a comfortable adducted position with soft, easy to install, adjustable straps.
The unique design allows the straps to be loose while maintaining arm security and patient comfort. The Shield slots into the Arm Support and can be simply adjusted to the optimum position for operator protection from scatter radiation.
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The IR Platform is a stable and secure over-patient work surface for Interventional Radiology, Neuroradiology and Interventional Cardiology. It offers a radiolucent, adjustable height and length appropriate solution for your femoral artery access procedures. It is the ultimate product for catheter / guide wire manipulation offering a large work area for equipment. The IR Platform is ideal for restless patients as it can also be locked, ensuring patient movement will not dislodge the platform.
Introduction
Posterior circulation stroke from emergent large-vessel occlusion (pc-ELVO) is difficult to treat and has high mortality and morbidity, historically approaching 80%. 1 Endovascular therapy (EVT), including mechanical thrombectomy and aspiration, has been used cautiously in the posterior circulation since 2009, when the Basilar Artery International Cooperation Study (BASICS), a large multicenter prospective registry, was unable to show a significant benefit of EVT over medical management. 2 Although practice patterns vary, EVT has generally been reserved for severe posterior circulation strokes. Landmark trials in 2015 and 2016 demonstrated the efficacy of EVT for LVO in anterior circulation stroke. [3] [4] [5] [6] [7] [8] [9] Since those studies, there has been renewed effort to demonstrate a similar effect for EVT in the posterior circulation. However, the relatively low incidence and the varied presentation of posterior LVO infarcts may preclude a large randomized prospective trial. In the last few years, case series and retrospective trials have provided preliminary evidence that EVT may provide benefit in posterior circulation LVO. [10] [11] [12] It remains unclear which pc-ELVO patients may benefit from intervention. This is difficult to address partly because of the variation in presentation and the stuttering course of this disease. Patients often present with relatively low National Institutes of Health Stroke Scale (NIHSS) and then precipitously decline. Prior retrospective studies included a broad range of stroke severity, with average NIHSS ranging from 10 to 24. Furthermore, only one of these papers compares EVT patients with medically treated patients at the same institution. To develop a proper algorithm and understand thresholds for treatment, it is important to assess cohorts including medical and EVT patients.
We approach these issues by studying a consecutive retrospective cohort of patients presenting to our institution with pc-ELVO over a 12-year span, including medical and EVT patients. We describe the practice patterns and trends that evolved over those years and identify which patients benefited from these therapies. We define clinical and imaging criteria based on these empirical data to triage patients to medical or endovascular treatment.
Materials and methods
We generated a retrospective cohort of posterior circulation LVO patients by searching imaging and procedure databases at our institution using keywords including ''basilar thrombus,'' ''basilar occlusion,'' ''basilar and infarct,'' and ''pontine infarct,'' which yielded 242 patients from 1995 to 2016. Archived digital subtraction angiography was available for cases performed after 2003, so only patients treated from 2004 to 2016 were included. Inclusion criteria were: (a) angiographic evidence of vertebrobasilar occlusion and (b) imaging evidence of infarct (either computed tomography (CT) or magnetic resonance imaging (MRI)). Exclusion criteria included: (a) patients with nonocclusive thrombus or (b) anterior circulation infarcts (in addition to posterior circulation). Of the 242 total patients, 89 from 2004 to 2016 met these criteria. The study was conducted with hospital institutional review board approval.
Patients were dichotomized by modified Rankin Scale score (mRS) to favorable (mRS 2) and poor outcome (mRS > 2). Best clinical outcome was recorded at discharge or 90-day follow-up if available. Clinical characteristics compared between the two groups included age, gender, etiology (if discernable from medical record or imaging data), presenting NIHSS (p-NIHSS), most severe NIHSS prior to intervention (worst NIHSS, or w-NIHSS), hemorrhagic conversion (determined from susceptibility-weighted sequences or hyperattenuation on noncontrast CT), and treatment modality (medical therapy or EVT). In patients with limited exam, for example, those arriving to our institution intubated, NIHSS was estimated at 25.
Imaging characteristics included infarct volume, posterior Alberta Stroke Program Early CT Score (pc-ASPECTS), thrombus location and length, and for patients treated with EVT, the Thrombolysis in Cerebral Infarction score (TICI). 13 The pc-ASPECTS scores were taken from pretreatment diffusion-weighted imaging (DWI) or CT/computed tomography angiography (CTA) in the absence of MRI. Infarct volume was estimated using the ABC/2 ellipsoid model from pretreatment DWI sequences; 14 volumes from the cerebellum and brainstem were measured separately. The pc-ASPECTS was determined from the DWI sequences. 15 Thrombus location was determined from CTA images and classified as involvement of the vertebral arteries, proximal, mid-, or distal basilar artery, and P1 segments. If thrombus spanned multiple segments, all involved segments were counted. Thrombus length was estimated using maximum intensity pixel (MIP) reformats from CTA images when available.
Categorical variables were compared using chisquared and the Fisher exact test in the case of small n; continuous variables were compared using two-sided t-test. Logistic regression was used to model the effects of characteristics on outcomes. All statistical calculations were performed using R. 16 
Results

Demographics
We identified 89 patients treated at our institution from 2004 to 2016 for posterior circulation ischemia due to acute LVO (Table 1 ). Seventy percent (n ¼ 62) of the patients were initially evaluated at an outside hospital and then transferred to Massachusetts General Hospital (MGH). The average time from ictus to arrival at the emergency room was 8.2 h: 4.3 h for patients brought directly by emergency medical services and 9.8 h for patients transferred from an outside institution. All-cause mortality at 90 days was 36%. Overall, 40% (n ¼ 36) of the patients had a favorable outcome (mRS 2 at discharge or 90 days). The 90-day follow-up evaluations were available for 90% (n ¼ 80) of the patients. There was no difference in outcome between patients transferred and those admitted directly. There was one major procedural complication resulting in patient death, a basilar artery perforation related to microcatheter and wire loop technique.
Major etiologies included atrial fibrillation (25%, n ¼ 22), intracranial atherosclerotic disease (20%, n ¼ 18), vertebral artery dissection (10%, n ¼ 9), septic embolus (2%, n ¼ 2), and patent foramen ovale (1%, n ¼ 1). In roughly half of the cases (43/89), no cause was identified from chart review. Seven patients with a sole vertebral artery supplying the basilar artery were included in the cohort.
Imaging characteristics
Most patients were assessed initially with CTA (93%) and the remaining patients were evaluated with magnetic resonance angiography (MRA). Most patients additionally had MRI on admission (83%) and 33 of 46 patients (72%) had MRI prior to EVT. Poor outcome was associated with low pc-ASPECTS score and higher infarct volumes in the brainstem and cerebellum (Table 1) , although only brainstem (p < 0.007) and cerebellar (p < 0.02) infarct volumes were independent predictors of outcome when these imaging characteristics were considered together in multivariate regression.
Only cerebellar infarct volume was an independent predictor if NIHSS was included in the model. All patients with bilateral thalamic infarcts had poor outcome (n ¼ 8, p < 0.02).
Treatment methods
Patients were treated using a variety of strategies. Most received intravenous (IV) heparin administration (74%) and of these just over half (n ¼ 36) went on to receive EVT. Heparin administration was associated with favorable outcome (p < 0.02), but was primarily given to patients with mild and moderate strokes (average w-NIHSS 16.1 compared to 21.8, p < 0.002). It was not associated with outcome when controlling for stroke severity (w-NIHSS). Fifteen patients received IV tissue plasminogen activator (tPA) (17%) and about half went on to receive EVT. Eight medically treated patients did not receive heparin or IV tPA.
Fifty-two percent of the patients received some type of EVT. TICI 2B or 3 recanalization was achieved in 31 of 46 patients (67%). Since the study spanned 12 years, many of the EVT cases utilized older techniques including intra-arterial urokinase, wire manipulation, MERCI Concentric device and Penumbra separator device. Current devices, including a direct aspiration, first-pass technique for the endovascular treatment of stroke (ADAPT) and/or stent-retrievers, were utilized in 13 patients, of whom seven had a favorable outcome at 90 days, compared with 10 of 33 patients who received earlier types of EVT (p < 0.3).
Deterioration after presentation
Not uncommonly, patients presented with mild strokes and then deteriorated. We defined deterioration as a progressive decline in NIHSS > 2 from presentation. Approximately one-third of the patients (32/89) had 
Discussion
Acute stroke caused by posterior circulation LVO is challenging to treat and carries a high mortality. This study provides an extended view of treatment and outcomes in pc-ELVO and the empirical algorithm developed at our institution. Overall, 40% (n ¼ 36) of our patients with pc-ELVO had a favorable outcome (mRS 2), with a mortality rate of 36% (n ¼ 32). This is comparable to several recent studies [10] [11] [12] 17, 18 and BASICS 2 ( Table 2 ). There is large variability in the treatment strategies and outcome rates across these studies. One pattern that emerges is gradually better outcomes in more recent studies, which some authors have attributed to latest-generation stentrievers and aspiration catheters. We did not see a statistical difference in outcome between older and latest-generation endovascular techniques; however, our numbers were small (13 treated with ADAPT or stent-retrievers).
Triage criteria: Stroke severity
Stroke severity, assessed using the w-NIHSS, was an independent predictor of outcome in our series. However, in general, patients with higher w-NIHSS were more likely to be triaged to EVT (NIHSS 21.4 compared to 13.5, p < 0.000002). In subgroup analysis, patients with moderate to severe strokes (w-NIHSS > 10) treated by EVT had better outcomes than those treated medically (p < 0.03, Figure 1 ). When the probability for good outcome is modeled using the w-NIHSS, the EVT group had higher probability for good outcome relative to the medical group for all NIHSS > 10 ( Figure 1 ). These findings support the recommendation of EVT for pc-ELVO patients with NIHSS > 10.
Triage criteria: Time from ictus
Patients arrived at our institution from 1 to 39 h after ictus (mean eight hours). No patients receiving EVT after 22 h had good outcome and the modeled probability for good outcome after EVT fell below 10% at 22 h (data not shown). This supports our institutional standard of offering EVT up to 24 h after ictus.
Many patients (32 of 89) presented with NIHSS 10, and in general, patients with mild, stable deficits did well with medical treatment only. For example, 17 of 19 patients (89%) with w-NIHSS 10 treated medically had favorable outcomes (see Figure 1) . This serves as a counterpoint to a few recent retrospective series describing high rates of favorable ( > 50%) outcome after EVT in patients with relatively mild strokes (average NIHSS 13). 10, 17 However, patients presenting with mild pc-ELVO may progress to moderate or severe NIHSS. In our series, 12 patients (38%) with mild initial presentation progressed to NIHSS > 10. Most of these patients (9 of 12) received EVT and five of nine had favorable outcomes (p ¼ 0.058). Given the high rates of favorable outcome in patients with mild pc-ELVO treated medically, we favor neurointensive care unit (ICU) care and heparin for pc-ELVO patients who are stable with NIHSS 10. Patients who rapidly deteriorate to NIHSS > 10 warrant immediate revascularization.
We observed seven patients who improved clinically on medical therapy alone, with average initial NIHSS of 10.4 improving to an average of 6.1. These patients improved rapidly on IV tPA or heparin, presumably owing to recanalization of short segment occlusions. None of these patients were treated with EVT and five of seven had favorable outcomes. Although it is impossible to draw conclusions on such small numbers of patients, it may be reasonable to forego EVT in patients who are rapidly improving after IV tPA or heparin therapy alone.
Triage criteria: Imaging characteristics
Although many other studies have demonstrated an association between pc-ASPECTS and infarct volume with outcome, 12, 17, [19] [20] [21] only infarct volumes were independent imaging predictors of outcome in our series. All patients with bilateral thalamic infarcts had poor outcomes (n ¼ 8, p < 0.02). We did see a trend toward increased average clot length in the poor outcome group (19.0 compared to 16.1 cm), which was not statistically significant as has been reported elsewhere. 17, 22 Similarly, we did not find that involvement of any segment of the vertebrobasilar system was associated with outcome, although a prior study showed patients with thrombus only at the distal basilar had more favorable outcomes. 23 Determining a cut-off infarct volume for posterior circulation infarcts comparable to the 75-100 cc cutoff currently used in the anterior circulation is limited by the variety of infarct locations and the relative importance of highly eloquent brainstem regions compared to the cerebellum. In our cohort, the probability of good outcome was higher in EVT patients for cerebellar infarct volume > 4 cc, although no patients with cerebellar infarct volume > 20 cc had favorable outcomes (Figure 2(a) ). No patients with brainstem infarct volumes > 3 cc had good outcomes (Figure 2(b) ).
Any infarct involving greater than half of the pons or midbrain is greater than 3 cc, and this concept is incorporated into our triage algorithm.
Treatment algorithm
Given the technical challenges of EVT in the posterior circulation and the high morbidity and mortality of the disease, the decision to use EVT for acute vertebrobasilar occlusion is approached cautiously. Over the past 12 years, we have developed and revised a series of guidelines to standardize decision making across multiple providers. Although our institutional guidelines have evolved, several practice patterns emerge from review of this period. In general, we treated patients with severe strokes transferred from outside institutions. These patients were initially triaged with CTA and/or MRA, were started on heparin, and then went to EVT primarily based on stroke severity as assessed by NIHSS. Our empirical management algorithm is summarized in Figure 3 .
We consider EVT for any patients presenting within 24 h from ictus, which can be extended for patients who initially have mild symptoms and then acutely deteriorate after 24 h. Approximately 80% (n ¼ 71) of patients arrived at MGH within 12 h of ictus, and there was no significant difference in outcome between those who arrived before or after 12 h in this cohort.
Initial triage is based on the NIHSS and the finding of LVO on CTA. After arrival, the patient is transported as quickly as possible to the radiology department to facilitate rapid imaging acquisition. If LVO is demonstrated by CTA, the patient may be transferred immediately to the adjacent MRI scanner to perform a short, ischemia-tailored protocol including DWI. We prefer DWI to determine infarct volume in pc-ELVO because CT estimation is severely limited by extensive beam-hardening artifact in the posterior fossa. Other advanced imaging techniques such as perfusion or collateral circulation may be similarly helpful to identify pc-ELVO patients who may benefit from EVT.
Patients with infarcts involving greater than 20 cc of the cerebellum or greater than 50% of the pons or midbrain are less likely to benefit from EVT. These criteria are based on the observation that no patients in our cohort had favorable outcome under such circumstances. Establishing an upper bound or cut-off for infarct volume will require a larger cohort of EVT patients with expansion of enrollment criteria.
Patients with LVO on CTA but low NIHSS (<10) are admitted to the neuro-ICU for maximal medical management. The ICU setting is ideal for close clinical monitoring, blood pressure control, and initiation of anticoagulation, usually a heparin infusion. Frequent neurological examination allows rapid intervention in the event of deterioration, which occurs in more than 30% of patients.
Although the practice of anticoagulation remains controversial in the treatment acute ischemic stroke, we and others advocate the use of anticoagulation in pc-ELVO. 24, 25 The argument for anticoagulation in pc-ELVO is that even small clot aggregates can obstruct basilar perforators and reduce perfusion to vital brainstem centers. Heparin was used for most patients in our cohort (66 of 89 patients) and was associated with favorable outcome (p < 0.02). Heparin therapy may be withheld for a number of reasons including prior anticoagulation, hemorrhagic conversion, and when patients are made comfort measures only. The timing of anticoagulation relative to EVT may warrant further study.
Considerations specific to the posterior circulation
There are several factors that make acute stroke in the posterior circulation different from the anterior circulation. The anatomy of the posterior circulation includes a series of perforator arteries over its entire length from the medulla to the pons and thalami, which control basic consciousness, lower cranial nerves, and entire white matter tracts for motor and sensory. Patients may suffer bilateral loss of function compared to anterior circulation stroke affecting unilateral perforator arteries to the basal ganglia. However, reversible DWI in the pons can occur after stroke rescue 26 and some patients with extensive DWI abnormality in the pons may gain functional recovery following intervention. 27 This may suggest a different tissue tolerance for ischemia.
Second, the mix of disease states in the posterior circulation may be different with fewer cardioembolic cases and more dissections and intracranial atherosclerosis than in anterior LVO cohorts. Although there was no clear difference in outcomes between embolic and intracranial cerebral artery disease (ICAD) patients in our patients, a recent study suggests that ICAD patients fare more poorly after EVT than embolic patients. 28 Third, the posterior circulation is more prone to procedural complications compared to the carotid artery because of tortuosity, multiple fixation points at the foramina transversaria and smaller vessel size. One may have to traverse a smaller vertebral artery to access the site of LVO in a larger basilar artery.
Study limitations
The purpose of the study is to generate guidelines based on prior experience that will inform current practice and direct future studies. It is acknowledged that the guidelines derived here are not absolute and remain to be verified with an additional dataset from future patients at our institution or data from other institutions.
Limitations of the study include the retrospective design and the small numbers of the cohorts. Endovascular techniques have evolved dramatically during the period of the study and the EVT cohort included here received a variety of interventions ranging from intra-arterial urokinase to modern stentriever thrombectomy. It is expected that with modern techniques, the outcomes will improve.
